Abstract-The paper presents a calculation method to get the probable fingertips and webbed points in outline. First, use Kvectoe to calculate the K-slope of all points in outline and get a series of peak point sets. Then, cluster the peak point sets which have been obstained by K-medoids algorithm and get the location of every fingertips and probable points; At last, distinguish the fingertips and webbed points by vector cross product operation. The experiment shows that this method achieve the precise positionong of the fingertips and finger webbed points.
INTRODUCTION
The palm contour fingertips positioning id the key of gesture recognition technology application [1] . Shahzad Malik [2] , W Andrew [3] and others use K-vector method to do the peak detection of the suspected fingertip in the handshaped contour image. The process only takes vector point multiplication, and uses a smaller constant K to accurately calculate the curvature of each point on contour C. It has the features of low complexity and high accuracy. But the Kvector put forward above is not universal after the experimental certification in this paper. This paper discusses the obtainment of K value by experiment.
On the polymerization treatment for the peak points, Kmeans algorithm [4] [5] [6] [7] is a common clustering algorithm. But as it uses the mean as the center, it is highly vulnerable to be affected by outliners. This paper finds through experiments and discussions that, as K-medoids algorithm [4] [5] [6] uses medoids as center instead of the mean, it's not sensitive to outliers. So it's very availiable to fingertips and finger webbed points cluster computing.
At last, we propose that the method of computing vector cross product can easily distinguish fingertips and finger webbed points.
II. THE PEAK POINT DETECTION BASED ON K-VECTOR By observing the palm outline in Figure 1 , we can draw the following conclusion: in the outline of a hand, fingertips and finger webbed points are usually the greater curvature points in the outline, we call it peak points [1] [2] [3] . To get them, we use K-vector method.
K-vector method need to specify the traversal direction and starting point of the contour. We can know from literature that, the starting point of the contour P(0) = (x0, y0) is the pixel with smallest y-coordinate value. If it has a few pixels with the same y-coordinate value, we make those with smallest x-coordinate as the starting point of the contour. The contour traversal direction is counterclockwise. The specific process to get the peak point sets by Kvector method is as follows:
1) At first, we compute the precursor and the No. K subsequent points of point P(K). Let P(i) = (xi, yi) as the No. i on the contour C, Nc as the total points of the contour, and point PBK(i) which is on the precursor No. k point of P(i) on the contour C as: (1) Let point PAK(i) which is on the subsequent No. k point of P(i) as: (2) 2) Then, we compute the cosine cosθ for constant K, one point P on the contour C, vector and vector .
The calculation uses the cosine equation:
3) In order to improve the stability of detection, we take the whole natural numbers of K within a certain range (K min < K < K max ), get the average value after computing in turn. So we can get the K-cosine value KCV(P) of point P. The computational equation of KCV(P) put out by equation (1), (2) , and (3) is as: (4) 4) After computing the KCV value of each point on contour C, according to the peak point with large curvature, we get the thresholdθT (in this paper, we set -0.7 as the threshold), screen out all the points which are less thanθT , so as to get the peak point sets Peeks = { P(x,y) | KSV(P) < -0.7 } on contour C. As shown in Figure 1 .
In the experiment, we use the home video equipment with 640*480 resolution, and intercept 300 sample maps for test. These 300 sample maps are cut out in different distance from hand to cemera. It contains the hand with 5 fingers in the sample maps. We make the hand contour extraction for sample maps, and get 300 hands' full contour maps.
We use K-vector method to pick up the peak point sets of 300 hand contour maps, analys the experimental results, and verify the accuracy of the algorithm and the main conditions of erroneous detection.
By the experimental data, we find that, when the hand is closer to the video, the K value which is between 50-70, is the larger the better; when the distance is far, it's the less the better which is between 30-50. The experimental results are shown as As the operating distance is of 50 cm and above in the real environment, we choose the threshold value range between 40-50 to get the better result in actual operation.
III. THE PEAK POINT CLUSTERING BASED ON K-MEDOIDS

ALGORITHM
After getting the peak point set Peeks, we observe the result (Figure 2 ), and know that the peak points are uniform gathered near the fingertips and finger webbed points. We just need to cluster the point sets to obtain the point sets of each fingertip and webbed point.
In this section, we use K-method clustering algorithm [4] [5] [6] [7] to cluster the peak point set Peeks, get a class represented every fingertip and webbed point, and compute every point's coordinate averge as the representative point. The process of K-medoids algorithm is as follows: 1) Arbitrarily select K peak point objects from n peak points as medoids (P1, P2, …Pi…Pk).
2) According to the principle of similar to medoids, assign the rest peak point objects to every class. In this paper, we define the dissimilarity of two points Dis(Pi, Pj) as the absolute value of the index distance of two points on the contour. It's as: (5) 3) In each class, sequentially select one object Pr in the class, compute the consumption E(Pr). This paper defines the medoids dissimilarity S(Pi, CLT) of point Pi and a cluster CLT as the dissimilarity of point Pi and the medoids point of the cluster, and define the consumption E(CLT, Pi) of point Pi in a cluster CLT as the sum of point Pi and the dissimilarity of other points: (6) Among them, CLT[0] is the index of the first point on the contour C of cluster CLT, n is the number of the class members in CLT.
4) Choose Pr with the smallest E as the medoids of this cluster.
5) Repeat step 2 until the K medoids are steady.
In the experiment, we use ordinary camera with 640*480 resolution ratio. For the peak point sets got in the case of a given threshold value K in section 2.1, we do the cluster with K-means and K-medoids algorithms to obtain the result of the peak point set. The result is shown as In the test, we find that there are some anomalous peak points outside the point set range we expected. As K-means algorithm uses sample mean as the center, it's easy to be affected by abnormal value and the error detection value, so the sample center is offset and it leads to inaccurate classification. While K-medoids algorithm is insensitive to outliers for using medoids instead of mean as center.
Through K-medoids clustering algorithm, after achieving the cluster in the range of every fingertip and webbed point, we can compute the coordinate mean of all the points in each cluster, to get the position of fingertips and webbed points we need as , . The result is as Figure   3 , the circle position represents determination probable fingertips or webbed position: 
IV. DISTINGUISH THE PROBABLE FINGERTIPS AND WEBBED POINTS BASED ON CROSS PRODUCT OF VECTORS
In the previous section, we get the coordinate position of probable fingertips and webbed points. In this section, we will distinguish them by computing the cross product of vectors.
Definition 1 In a three-dimensional vector space, assume that a and b are two vectors, then their cross product can be strictly defined as follows:
• |c|=|a×b|=|a||b|sin<a,b> • c⊥a， and c⊥b • The direction of c is judged by the right-hand rule.
Vector cross product has a very important character, it's that we can determine the clockwise and counterclockwise relationship of two vectors by the symbol of vector cross product.
• if P×Q > 0, P is in the clockwise direction of Q.
• if P×Q < 0, P is in the counterclockwise direction of Q.
• if P×Q = 0, P and Q are collinear, but may also be in the same or reverse direction. We take clustering information gotten by K-medoids algorithm. Let point P as the medoids of cluster CLT. Through several experiments, in different distances from hand to camera, compute respectively the vector cross product of fingertip and webbed point and , and get the results of Table 3 and Table 4 . By observing the data of Figure 3 and Table 4 , we can find that, and in fingertips and webbed points have different interrelation, and the vector cross product have different symbols. Since the traversal direction of the contour C is counterclockwise, we can know:
• Fingertip is in the clockwise direction of , it conforms that > 0
• Fingertip is in the counterclockwise direction of , it conforms that < 0
So we can distinguish fingertip and webbed point by determining the symbol of vector cross product. The result is shown as Figure 5 in which the red circle represents the detected fingertip and the green as webbed point: At first, we use K-vector method to compute the K-slope of every point on the contour, and obtain a series of peak point set; Then, use K-medoids algorithm to cluster the existing peak point sets, and obtain the cluster of every fingertip and webbed point; At last, we distinguish them by computing vector cross product.
